INTRODUCTION
In this paper, we critically review theoretical and empirical work relating patterns of dispersal to spatial patterns in communities in an attempt to provide a critical framework for research in this area. More specifically, we ask how important the specific seed dispersal kernel or seed shadow is for explaining relative abundance, distributions, and coexistence in natural communities. By dispersal kernel, we mean the probability density function describing the probability of seed transport to various distances from the parent plant. Although both theoretical and empirical approaches address the importance of seed dispersal for community structure, a large gap exists in the coverage and motivation behind the different methods. As we demonstrate, the modeling work is focused largely on coexistence, motivated by interest in how incorporating spatial processes changes the predictions of earlier nonspatial models. Meanwhile, the empirical work focuses largely on dispersal's effect on species distributions, motivated by natural history observations related to dispersal kernels, the movement of animal vectors, seed trapping patterns, or the clumping of parent plants. Thus, of primary interest in our review is how empirical results match the predictions of theory.
To encourage a greater exchange of ideas and questions between empirical and theoretical approaches, we organize our review around the influence of dispersal kernels on four key features of community structure: patterns of relative Figure 1 Pathway by which the shape of species dispersal kernels can influence the abundance, distribution, and diversity of species. Shown in bold is the link between dispersal kernals and community patterns that we examine in this review. We emphasize the multitude of factors other than dispersal kernels influencing the seed rain, and the multitude of factors other than seed rain influencing the abundance, distribution, and diversity of species.
abundance, distribution, dispersion, and coexistence. For each of these features, we first chart theoretical predictions on the importance of dispersal and then review evidence for these predictions in the empirical literature. We located our papers by electronically searching the Science Citation Index and examining references therein. Because of the large body of theoretical work on coexistence, we divide this literature into two sections, one describing the effects of local dispersal, the other focused on competition-dispersal trade-offs. For similar reasons, we review the work examining dispersal effects on dispersion separately from work on other types of distribution patterns. We do not review dispersal effects on persistence and spread ( These tests, however, may not have considered that long-range dispersal is sometimes disadvantageous in models. For example, if the landscape is variable in (abiotic) quality, depending on the spatial scale of favorable and unfavorable patches, short-range dispersal may lead to higher abundance than long-range dispersal (Bolker 2003, Dockery et al. 1998, Travis & Dytham 1999). In these cases the importance of remaining in a good patch more than outweighs the increased intraspecific competition often resulting from short-range dispersal.
Empirical Evidence for a Relationship Between Dispersal and Abundance
In addition to theoretical predictions, empirical work at the population level would seem to suggest that species ability to disperse is an important predictor of relative abundance, at least in some systems. A number of seed addition experiments How can we explain the absence of a relationship between abundance and seed dispersal when experiments often show seed-limited populations? One likely possibility is that the evidence for seed limitation is more a product of low seed production or a low density of adult plants than of poor dispersal. In addition, numerous other processes, such as competition, dormancy, and habitat variation, may simply be more important than dispersal in controlling relative abundance patterns in communities (Figure 1 ). Because dispersal can clearly influence the rate of species arrival, it may be more important in controlling temporal patterns of abundance after disturbance. In a simulation study, Hovestadt et al. (2000) showed that long-range dispersers were more abundant in the colonization phase immediately after disturbance, but depending on model details, short-range dispersers subsequently obtained a higher relative abundance. Indeed, on lake islands in Sweden, species lacking traits for water, wind, or animal dispersal are rare or absent early in succession (Rydin & Borgegard 1991), but become abundant years later. Despite these temporal patterns, we conclude that little empirical evidence supports the expectation that interspecific differences in dispersal control commonness and rarity at metapopulation scales.
SPATIAL DISTRIBUTION

Theoretical Background
The distance and direction a plant disperses its seeds should play an important role in the distribution of that species. However, as illustrated in Figure 1 (left) , the influence of the dispersal kernel will depend strongly on the importance of other factors influencing the seed rain. For example, Levine (2003) modeled a streamside plant assemblage where species occur in discrete habitat patches linearly arrayed along the channel. Species dispersed 60% of their seeds to other patches and 95% of those seeds to patches downstream. In such a system, one naturally expects greater deposition downstream than upstream. However, Levine demonstrated that with a uniform distribution of parent plants throughout the system and a reasonable dispersal kernel, most seed input comes from the one or two patches upstream of the target patch. Thus, downstream of the first few patches in the system, seed input increases only marginally. Still, this relatively small downstream variation in seed deposition could drive downstream increases in population size and diversity, but only if the component populations are highly seed limited, as resulting from very low fecundity or recent disturbance. This result demonstrates two points introduced by Figure 1 . First, the relationship between the seed-dispersal kernel and the seed rain can be complicated, deserving significantly more attention from both theoreticians and empiricists. Second, for patterns of seed rain to influence species distributions, the component populations must be constrained by seed availability and not species interactions or environmental factors.
The Importance of Seed-Trapping Agents
In contrast to theory, numerous empirical studies have related seed deposition to species distributions, yet in most of the work, spatial variation in deposition is not easily related to the dispersal kernels. Instead, it is driven largely by landscape elements that trap seeds or propagules. Differences in seed morphology still influence deposition patterns but do so largely through their interaction with the trapping agents. For example, Schneider & Sharitz (1988) tracked the dispersal of tree seeds in a swamp forest in the southeastern United States. Seeds were initially gravity dispersed, but then as water levels rose, they were redistributed by hydrochory to locations against emergent structures including twigs, trees, logs, branches, knees, and stumps. Some of these substrates, such as trees and tree knees, provided elevated stable microsites, and tree seedlings were disproportionately found in these locations. Importantly, seed morphology influenced deposition and seedling patterns across species. The small, angular cypress seeds were more frequently trapped by knees than the larger ellipsoid tupelo fruits. Considering the relative rarity of hydrochory in nature, our review documented a disproportionate number of studies where water dispersal influenced species distributions. In part, this can be attributed to the obvious directional movement of water in many systems. In addition, the plant communities that line rivers and lakeshores are readily disturbed, likely preventing processes such as competition from exerting their full impacts. Last, the flooding that occurs in these habitats can export most of the seed, favoring seed limitation (Levine 2001). Despite the apparent importance of dispersal for distributions in systems with hydrochory, few empirical studies in these or other habitats tested for seed limitation or examined the processes occurring between seed arrival and the progression to adult plants. Thus, regardless of whether the distribution patterns are argued to result from trapping agents or dispersal kernels, the empirical evidence as a whole is highly correlational, often unable to exclude alternative explanations for the putative dispersal-driven distribution patterns. 
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which showed that over a period of three years, intraspecific aggregation allowed the exotic Solidago canadensis to coexist with the native Urtica dioicia, whereas without the aggregation, S. canadensis was quickly excluded. Both studies follow from a history of applied research examining how spatial patterning influences the impacts of weeds on crops (Garrett & Dixon 1998). We emphasize, however, that local dispersal need not always be important. Webb & Peart (2001) used models parameterized with field data to suggest that local dispersal was relatively unimportant for tree coexistence in a Bornean tropical forest.
We conclude from published work that local dispersal does not favor the longterm coexistence of species but instead simply slows the rate of displacement. Thus, if we want to attribute the coexistence of species in a natural community to the local nature of dispersal, we need to first clarify the timescales over which we are attempting to explain coexistence and then demonstrate that local dispersal is sufficient to explain coexistence over those timescales. This is very different than demonstrating the almost trivial result that local dispersal slows down displacement. Incorporating timescales will almost undoubtedly require the use of models parameterized with field data, as advocated in our conclusions. 
COEXISTENCE THROUGH COMPETITION-DISPERSAL TRADE-OFFS
Assumptions Underlying Theoretical Results
The result that numerous species can coexist through a competition-colonization trade-off (Tilman 1994) depends on several questionable assumptions. First, there must be a strict hierarchy of competition inversely related to colonization. Second, the colonization of a stronger competitor must always eliminate any estab- open areas after disturbance. However, Markov chain models suggested that this dispersal advantage was not sufficient to explain long-term coexistence with the competitive dominant shrub in the system. In some of the best support for coexistence achieved through a competition dispersal trade-off, Platt (1975) showed that the species occupying mature Iowa prairie (the competitive dominants) tended to disperse more poorly than "fugitive" species living primarily on badger mound disturbances. However, dispersal capacity and propagule production were positively correlated; thus, the source of the colonization advantage is unclear.
The best support for coexistence achieved through a competition-dispersal trade-off comes from models parameterized with field data, although even here evidence is not definitive. Working in temperate forest with two codominant tree species, Nanami et al. (1999) 
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Thus, the main conclusion of our review is that it may be premature to expect that patterns of seed dispersal strongly influence community structure. Of course, species without any dispersal could not spread beyond a founding individual, but it remains unclear whether the specific pattern of dispersed seed is a strong determinant of relative abundance, distribution, dispersion, and coexistence in natural systems. Although this lack of clarity stems from the weak empirical support in the literature, this weak support could be interpreted in several ways. It may be that the shape of the dispersal kemrnel is important, but current methodological approaches are too correlational to definitively demonstrate its impacts on pattemrns in the field. Altemrnatively, dispersal may be less important than we commonly believe. Resolution of these alternatives requires more rigorous approaches to understanding the importance of dispersal.
Improving the Empirical Evidence
Because estimating and manipulating seed-dispersal kemrnels in the field is difficult, testing the importance of dispersal kemrnels for community structure can be challenging. In principle, the ideal empirical study would (a) document seed shadows and dispersion patterns, (b) correlate these with patterns of community structure, and then (c) demonstrate that experimentally manipulating the seed shadow changes population or community structure (Schupp & Fuentes 1995). Although examples of each of these steps can be found in the literature, we found no single study that performed all of them. Instead, most of the empirical work relating dispersal to community properties tended to be correlational, often involving proxies for dispersal kernels, such as dispersal mode. These studies thus relied heavily on several potentially precarious assumptions, including the fact that dispersal mode is a reasonable predictor of dispersal kernels and that aggregation unrelated to current environmental variables is attributable to dispersal. These assumptions may be valid in much of the work (Willson 1993), but without further support some conclusions may be incorrect. This is illustrated by the often-cited example where dispersal influences patterns of mangrove tree zonation through the tidal sorting of propagules (Rabinowitz 1978). Although Rabinowitz's hypothesis has intuitive appeal, recent work actually quantifying the seed-dispersal kernels of mangrove trees in the same forests suggests the tidal sorting of propagules is unlikely to generate the zonation (W. Sousa & B. Mitchell, unpublished data).
How can we more definitively demonstrate that dispersal influences relative abundance, distribution, dispersion, and coexistence? To this end, we strongly encourage experiments that directly manipulate the seed-dispersal kernel, as ad- 
Closing the Gap Between Theory and Empirical Work
We documented a clear dichotomy between the empirical and theoretical literature relating dispersal kernels to community patterns. Closing this gap is essential to clarifying the importance of dispersal. To this end, we strongly advocate the development of mathematical models parameterized with empirically documented seed-dispersal kernels and other realistic demographic parameters (as in Wu & Levin 1994). Such approaches can uniquely address whether the predictions of the mathematical models reasonably describe the dynamics of real ecological communities. Such approaches will also force investigators to ask the key longterm questions such as what maintains the dispersal-driven patterns, or what creates seed limitation. Models should also prove particularly informative for exploring the influence of seed-dispersal kernels, parent plant density, and seed production on seed deposition across the landscape. The relationship between dispersal kernels and seed rain is an underexplored, but critical, linkage between dispersal and community patterns.
The potential importance of seed dispersal for community dynamics has long been acknowledged, and recent theoretical results support this expectation. However, the results of our review suggest that the importance of dispersal cannot be taken for granted; empirical support for the theoretical predictions is largely
